Purified Semliki Forest virus was analysed by analytical sedimentation, rate zonal sedimentation, isopycnic sedimentation, polyaerylamide gel electrophoresis and electron microscopy. It was found that the spherical virus particles had a sedimentation coefficient of 241 S (249 S determined by rate zonal sedimentation), and a buoyant density in sucrose of I.I 90 g/ml; one protein and one glycoprotein were present in the virus; after fixation and negative staining with phosphotungstic acid the diameter of the particles was measured to be 50 to 56 nm. 
INTRODUCTION
Semliki Forest virus (SFV) belongs to the alphavirus group (serological group A of arboviruses). Structurally, it is spherical with a diameter of 55 to 59 nm (Osterrieth & CalbergBacq, 1966 ) and consists of a nucleocapsid core (diameter approximately 28 nm) containing RNA (Acheson & Tamm, I967) surrounded by an envelope containing lipid (Osterrieth & Calberg-Bacq, 1966 ) which carries the haemagglutinating activity of the virus (Kaiiriainen, Simons & yon Bonsdorff, I969). Two structural proteins, an envelope protein and a nucleoprotein, have been found by Hay, Skehel & Burke (1968) , Kii~riainen et al. (1969) and Kennedy & Burke (I972) , while Friedman (I968) reported the presence of three proteinstwo in the nucleocapsid and one in the envelope. Acheson & Tamm (I97oa, b) isolated the nucleocapsid of SFV and found one protein. The envelope protein was reported to be a glycoprotein (Oram et al. 197I; Kennedy & Burke, 1972) . Treatment with Nonidet-P 40, 9 0 M. MUSSGAY AND OTHERS sodium deoxycholate or Tween 8o-ether splits the virus into intact cores and fragments of envelope (Appleyard, Oram & Stanley, i97o ) . The size of the envelope fragments differed after the various types of treatment, being largest in Tween-ether treated virus and smallest in virus treated with Nonidet-P 40. It was demonstrated that vaccines produced by these treatments and by addition of formalin to inactivate residual infectious virus differed in their potency to immunize mice (M. Mussgay & E. Weiland, in preparation) . The best vaccines were obtained using the Tween 8o-ether method. They were followed by vaccines containing deoxycholate-treated virus, and Nonidet-P 4o-treated virus possessed the least protective potency indicating that immunizing potency depends on the size of envelope fragments. Therefore investigations were carried out to see whether treatment of SFV with tri(n-butyl)phosphate (TNBP) results in the release of large-sized envelope products. Recently, TNBP was demonstrated to release immunogenic influenza envelope components (Neurath et al. i97o; Neurath et al. I97I) . Treatment of rabies virus with TNBP resulted in dissociation of lipids, most of the glycoproteins, and small quantities of non-glycosylated proteins from the virus leaving behind particles which resembled intact virus in overall size and shape but lacked most of the surface projections (Neurath et al. 1972) . This paper describes the separation of virus components obtained after treatment of SF¥ with Tween 8o-TNBP and compares some of their properties with that of untreated virus.
METHODS
Virus. The SFV was kindly supplied by Dr P. M. Osterrieth, Liege, Belgium. All experiments reported here were performed with material of the 18th to 2oth passage of the strain in chick embryo cell cultures.
Assay methods. Infectivity was titrated using the plaque-technique in chick embryo cells as described previously (Mussgay & Rott, I964) . Haemagglutinating activity was tested with goose e~ythrocytes by a micromethod (Sever, ~962) in which the reaction mixture was adjusted to pH 6.0 and in some experiments to pH values from 5"8 to 6"7.
Virus purification. The methods applied to preparation of chick embryo cell cultures and their use for the cultivation of virus are described elsewhere (Mussgay & Rott, I964) . In the present studies, cells were grown and maintained in roller bottles (4o cm long and 7 cm in diameter) rotated at x5 rev/min at 37 °C. For virus growth, Lavit-medium (Hausen & Sch/ifer, I962) was used. Infected cultures were rotated at 37 °C for 20 h, then the tissue culture fluid was harvested and clarified by centrifuging at about 25o0 g for IO rain. The supernatant fluids were pooled and spun at 2oooo rev/min for 3 h in the rotor 2I of the Spinco model L ultracentrifuge. The pellets were resuspended in a volume of approximately I/3o of the original volume using Lavit-medium. This concentrated virus was purified by batch chromatography on AIPO4 gel (Pfefferkorn & Hunter, I963; Horzinek & Mussgay, I969) and was concentrated by centrifuging at 24000 rev/min for I h in the SW 25 rotor of the Spinco model L ultracentrifuge. The pellet was resuspended in a buffer solution (TEN) containing 0.02 m-tris, 5 × Io -4 M-EDTA, and o'I M-NaC1, adjusted to pH 8"3 by addition of HC1. This final virus suspension contained about IO n p.f.u./ml and was the starting material for all subsequent experiments.
Radioactive labelling. Layers of chick embryo cells were washed with PBS and re-fed with Earle's solution containing 0.25 % (w/v) lactalbumin hydrolysate (Serva, Heidelberg, W. Germany) and 0"o5 % (w/v) yeast extract (Difco Laboratories, Detroit, Michigan, U.S.A.) (Earle-LaYe medium) to which 2/~g/ml actinomycin D (Serva, Heidelberg, W. Germany) were added. After incubation for 2 h at 37 °C the medium was removed and replaced by
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Earle-LaYe medium without actinomycin D but containing about 5 x io 5 p.f.u./ml of SFV, 6"25 #Ci/ml p4C]-protein hydrolysate derived from Chlorella (54 mCi/m-atom) and 15"6 #Ci/ ml [aH]-uridine (4"6 Ci/m-mol). Medium was harvested 18 h later.
Labelling of virus with p4C]-stearic acid and methyl-[aH]-choline chloride was performed in the following way. Layers of chick embryo were incubated for 6 h at 37 °C with Lavitmedium containing I mCi/ml [14C]-stearic acid (92 mCi/m-mol) and 35 #Ci/ml methyl-[aH]-choline chloride (17 Ci/m-mol). After this time, 5 x io 5 p.f.u./ml of SFV were added to the cultures and incubation was continued for 2o h.
In both procedures,harvested virus was concentrated and purified as mentioned above. The radioactive substances were purchased from the Radiochemical Centre, Amersham, England.
[14C]-stearic acid was supplied as a benzene solution. The solvent was evaporated in a gentle stream of nitrogen while the solution was heated in a water bath at 5o °C. Then the stearic acid was dissolved in ethanol containing methyl-[aH]-choline chloride. This mixture of both radioactive substances was added to the culture medium.
Tween 8o-TNBP treatment. Usually, 9"5 ml of TEN-buffer were mixed with 0"5 ml of TNBP (Merck, Darmstadt, W. Germany, no. 1361707) and o'o5 ml Tween 80 (Schuchardt, Munich, W. Germany, TW 128) and were shaken for 30 min at room temperature. Then I part of this2mixture was added to 4 parts of purified virus, which was immediately agitated on a shaker at about 3oo strokes/min at 4 °C for I h. In experiments performed with radioactive labelled virus, the labelled virus was mixed with 2 to 3 parts of non-labelled purified virus before Tween 8o and TNBP were added.
Saponin treatment. To purified virus, saponin (pure, white) was added to a concentration ofo-I ~ (w/v) and the sample was shaken for I h at 4 °C.
Sucrose density gradient analysis. To determine sedimentation coefficients, o'4 ml of Tween 8o-TNBP treated or untreated purified virus were layered on I 1.5 ml of a 5 ~ to 35 ~o (w/v) linear gradient of sucrose dissolved in TEN-buffer. After centrifuging for 90 min at 350oo rev/min at 2o °C in the rotor 41 of the Spinco model L 2 ultracentrifuge, the position of visible bands was determined, fractions of 0"3 ml were collected and their sucrose concentration was determined using an Abbe 3 L refractometer. The s~0.,~ values were calculated using the tables of McEwen 0967) and assuming particle density (pp) to be 1.2o. Usually, rate zonal sedimentation was performed by layering 0.2 ml of a sample on top of a preformed I5 to 40 ~ sucrose gradient in TEN-buffer in a cellulose tube fitting the SW 39 rotor of the Spinco model L ultracentrifuge. The tubes were spun for 90 min at 35 ooo rev/ min and about 25 fractions were collected through a hole in the bottom of the tubes.
Isopycnic density gradient sedimentation was done in columns made of I "5, 1.8 and I-5 ml, respectively, of 4 o, 50 plus 0"3 ml double-labelled virus material, and 6o ~ sucrose dissolved in TEN-buffer and centrifuged for 66 h at 35ooo rev/min in a Spinco SW 39 rotor. The refractive indexes of fractions collected from below were determined and used for calculation of buoyant density.
Analytical sedimentation. These were performed in the Spinco model E ultracentrifuge equipped with a Schlieren optical system. Samples were centrifuged at 15 220 rev/min and 42o40 rev/min, respectively, using I2 mm cells with a 4 ° sector (Kel-F centerpiece). The temperature was controlled at 2o °C. The corrections for buffer viscosity were determined in a capillary viscometer type Ubbelohde (Schott. u. Gen., Mainz, W. Germany).
Measurement of radioactivity.
In sucrose density gradient sedimentation experiments performed with radioactive labelled virus, o'o5 ml of each fraction was added to ~o ml counting fluid (Insta gel, Packard, Frankfurt a.M., W. Germany). Radioactivity was measured in a Packard Tri-carb liquid scintillation spectrometer.
Polyacrylamide gel electrophoresis. (PAG).
Before electrophoresis, purified virus or fractions obtained by rate zonal sedimentation of Tween 8o-TNBP-treated virus and shown to contain virus components were mixed with the same volume of TEN-buffer containing 2 ~oo SDS (w/v) and 2 ~o (v/v) 2-mercaptoethanol. An equal volume of TEN-buffer saturated phenol was added and the tubes were shaken at room temperature for I0 min. After centrifuging to separate the phases, the aqueous layer plus interphase were removed and extracted twice more with fresh phenol. Likewise the phenol layer was extracted with fresh buffer containing 2 ~o (W/V) SOS. The resulting phenol phases were combined and precipitated with Io volumes of ethanol. After I2 h at -20 °C the proteins were recovered from the alcohol phase by centrifuging (15 min at 300o rev/min) and were taken up in o.I M-sodium phosphate buffer, pH 7.2, containing 2 ~oo (W/V) SDS and 2 ~oo (W/V) 2-mercaptoethanol.
The dissolved sediment was reprecipitated as previously described but using acetone. After I2 h at -2o °C the sediment was taken up in o.2 ml of o.I M-sodium phosphate buffer, pH 7-2, containing I ~ (w/v) SDS and I ~ (v/v) 2-mercaptoethanol and was then heated for 3 min at Ioo °C in a water bath. Gel solutions were prepared by mixing, in distilled water, 7
The electrophoresis buffer used was o.I M-sodium phosphate, pH 7.2, containing t ~ (w/v) SDS. The gels were polymerized utilizing 0"07 ~ (w/v) ammonium persulphate in glass columns Io cm long, o.6 mm in diameter. The protein samples were applied to the gels in volumes ranging from o-or to 0.o2 ml. Electrophoresis was at room temperature with 6 mA for 2 h. The gels were fixed in 20 ~oo (W/V) sulphosalicylic acid and the positions of the protein bands were revealed by staining with o'5 ~ (w/v) Coomassie blue in a methanol-acetic acid-water mixture (5 : ~ : 5) for 2 h. The gels were destained using the methanol-acetic acidwater mixture. For polysaccharide staining a modification of the periodic acid-Schiff (PAS) reaction as described by Kobylka et aI. 0972) was employed.
Electron microscopy. A drop of samples of purified virus or of fractions obtained after rate zonal sedimentation of Tween 8o-TNBP treated virus was mounted on carbon-coated grids and allowed to settle. The drop was removed with filter paper, then the specimens were fixed for Io to 30 min with 2"5 ~o (v/v) glutaraldehyde in Soerensen's phosphate buffer solution, pH 7"2 to 7"4, or with I ~ (w/v) osmium tetroxide in Soerensen's buffer, washed with TEN-buffer (shortly treated with a~I-5 ~ (v/v) dimethyl sulphoxide (DMSO) solution), again washed with TEN-buffer, and then stained with 2 ~oo (W/V) uranyl acetate, pH 4"2, or with 2 ~ (v/v) phosphotungstic acid, pH 6.o. The grids were screened at a 4oooo to 8oooo magnification in a Siemens Ioi electron microscope equipped with a 5o/~m objective aperture and operated at an accelerating voltage of 8o kV.
Test for immunizing potency. To each fraction obtained after rate zonal sedimentation of Tween 8o-TNBP treated virus o'5 ml of a o'3 ~ (v/v) formalin solution in borate buffer, pH 9"o, was added. After I2 h at room temperature o'5 ml of borate buffer, pH 9"o, containing o.2 ~ (w/v) saponin was mixed with the formalin treated material. Then, with each sample 5 mice, 3 weeks of age, were inoculated subcutaneously with o.2 ml/mouse. At I4 days after vaccination the animals were challenged subcutaneously with 4oo subcutaneous mouse median lethal doses of SFV. If three or more mice survived challenge infection the fraction was considered to contain component(s) with immunizing potency.
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RESULTS
Effect of Tween 8o-TNBP treatment on biological activities of SFV
After treatment of purified SFV preparations containing iO 1 p.f.u./ml with o.I ~o (v/v) Tween 80 and I ~o (v/v) TNBP no infectivity could be detected in 0"4 ml of a I : so dilution of the preparation, indicating that this treatment causes virtually complete loss of infectivity. On the other hand, the titre of haemagglutinating activity remained either equal or increased two-or fourfold after Tween 8o-TNBP treatment. The peak of baemagglutinating titre of untreated SFV was found at pH 6-0. This p H range for optimum titre was broadened after Tween 8o-TNBP treatment, and maximum haemagglutinating titre was obtained at both pH 6-0 and p H 6"4. All the components isolated after Tween 8o-TNBP treatment and described below possessed this relatively broad pH spectrum of haemagglutinating activity.
Analysis by sedimentation
In the analytical ultracentrifuge intact purified SFV sedimented a~ a single boundary of s20,w ---24I S (Fig. I) . In rate zonal sedimentation the s20.w value for SFV was calculated with McEwen's 0967) tables; in good agreement with the result of the analytical sedimentation a value of 249 S was estimated. Three peaks were observed in the analytical ultracentrifuge of SFV treated with o.I ~ (v]v) Tween 8o and I-O (v/v) TNBP at 4 °C. The components had s20,~, values of 2II, 14o and 49 S, respectively (Fig. I) . After rate zonal sedimentation of Tween 8o-TNBP treated virus using the 4I rotor three bands were seen (Fig. I ) corresponding to components with S2o.w, values of 217, 253 and I35 S, respectively. If the SW 39 rotor was used only the zI7 and I53 S bands appeared. The absence of a 135 S peak in the analytical ultracentrifuge and after rate zonal sedimentation using the SW 39 rotor is due to the low concentration of the I35 S component. 
2-5
• 5 2-2 < = 1.9 7 7 (bb) 95 radioactivity coincided ( Fig. 2a and 2aa) . In this fraction the [3H]-uridine:[14C]-protein ratio was 2. 7. After centrifuging of Tween 8o-TNBP treated virus ( Fig. 2b and 2bb) , there was a broad distribution of haemagglutinating activity with two peaks corresponding to components with s20,, values of about 217 and 153 S. The fraction with the 217 S component had a [3H]-uridine: [14C]-protein ratio of 7"5, i.e. it was 2.8-fold higher than in the untreated virus, whereas in the I53 S fraction this ratio was measured to be 0.9, i. -stearic acid labelled virus was subjected to rate zonal sedimentation before and after treatment with Tween 8o-TNBP. Incorporation of [3H] into the virus was weak. Therefore only [x4C]-radioactivity is considered. As shown in Fig. 3 , there was a coincidence of haemagglutinating activity and [~C]-radioactivity in the tube with intact virus (Fig. 3 a and 3 aa) , but it is also seen that a considerable amount of label was detected in fractions above the virus band, mainly near the top. Centrifuging treated virus resulted again in a broad distribution of haemagglutinating activity (Fig. 3 b) . However, in the fractions with the highest haemagglutination titres only a relatively small amount of label was recovered, whereas about 65 ~ of the total [14C]-activity was found in the three IP: 54.70.40.11
Sedimentation experiments with double labelled virus
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97 Fig. 5 . Electron microscopy of intact SFV (a), fraction containing 2I 7 S component (b) or I53 S component (e). All specimens with two exceptions ((a), insets) were fixed with glutaraldehyde, then briefly treated with DMSO and stained with uranyl acetate; preparation of insets of (a) were unfixed, treated with DMSO and stained with uranyl acetate. top fractions (Fig. 3bb) . F o r comparison, labelled virus treated with saponin was also investigated. The results are shown in Fig. 3 c and 3 cc. Haemagglutinating components with the size of virus particles were detected near the b o t t o m of the tube, whereas most of radioactivity was recovered in the top fractions. 
Properties determined for intact SFV and components' after Tween 8o-TNBP treatment
Analysis by polyacrylamide gel electrophoresis and electron microscopy
Intact SFV and fractions obtained by rate zonal sedimentation of Tween 8o-TNBP treated virus and containing either the 217 S or the 253 S component were analysed in PAG  Fig. 4 demonstrates the results. After application of intact virus to the gel two bands were visible after staining with Coomassie blue (Fig. 4a) . The two components are designated I and 2 in order of decreasing electrophoretic mobility. When the gel was stained for the presence of polysaccharides utilizing a modification of the periodic acid-Schiff (PAS) reaction, a hand was seen which coincided with component 2, indicating that this band represents a glycoprotein. After electrophoresis of fractions containing 217 S component the components I and 2 were again detected after Coomassie blue staining (Fig. 4c) . However, when fractions with 153 S component were electrophoresed only component 2 appeared which could be stained by Coomassie blue (Fig. 4d) and PAS (Fig. 4e) .
Electron microscopy of intact SFV and fractions containing the 2~7 S and 153 S component revealed the structures as seen in Fig. 5 . Intact virus (Fig. 5 a) appeared as spherical particles. The mean diameter of these particles was dependent on the methods used for fixation and staining. Unfixed particles negatively stained with phosphotungstic acid had a diameter of 72 nm; particles fixed with glutaraldehyde or osmium tetroxide and either negatively stained with phosphotungstic acid or with uranyl acetate have mean diameters of 58 nm and 5 ° to 56 nm, respectively. Due to the techniques used for fixation, in most of the negatively stained particles the stain was also seen inside the particles. Higher magnification of the particles reveals an envelope structure (Fig. 5 a, insets) . In fractions with the 2I 7 S component particles, 69 to 75 nm in diameter, with a core either inside or outside the envelope were observed (Fig. 5 b) . It seems that these cores are released from the envelopes during preparation of the specimens for electron microscopy. Particles observed in samples taken from fractions containing the 153 S component revealed structures as seen in Fig.  5 (e). These particles consisted of an envelope without an intact core and most of them had a diameter of 7o to 73 nm; few of them were measured to be about I oo nm in diameter. The left inset of Fig. 5(c) demonstrates a positively stained 253 S particle and the right inset shows a negatively stained one. Table I summarizes data obtained in the present studies and lists some properties of intact SFV and components isolated after treating this virus with Tween 8o and TNBP.
DISCUSSION
It was demonstrated by Appleyard et al. 097o) that after Nonidet treatment of SFV, fragments of virus envelope corresponding to 85 to 26 S material were released from the virus particles. After sodium deoxycholate treatment, almost all the envelope material had s20. w values of 34 or 27 S, and after Tween-ether treatment much of the envelope was obtained as 67 S material. In the present studies it was demonstrated that after treatment with o.I Tween 80 (v/v) and I.O 9/oo TNBP at 4 °C for I h most of the envelope material was detected in 217 and 153 S components. It seems that organic solvents like TNBP and ether are less vigorous with regard to the disruption of virus envelopes than detergents are. On the other hand, preparation of the intact virus cores is better accomplished by deoxycholate or Nonidet treatment than by the use of organic solvents. After Tween 8o-TNBP treatment, we could not detect intact cores of the virus particles in rate zonal sedimentation studies.
In the experiments with [14C]-stearic acid labelling of virus, particles may have arisen in the following ways: (a) simple attachment of the label on to the surface of the virus; (b) IOO M. MUSSGAY AND OTHERS incorporation of labelled amino acids formed as the result of metabolic conversions of stearic acid; (c) incorporation of labelled lipid components. The detection of some labelled material in the top fractions after rate zonal sedimentation of intact SFV (Fig. 3 aa) may be attributed to possibility (a). However, the fact that no release of label from the virus particle was found when the virus was treated with formalin and saponin before rate zonal sedimentation (M. Mussgay & E. Weiland, in preparation) makes it unlikely that the label was not incorporated in structural virus lipid components. Possibly the release of some labelled structural components occurs during the sedimentation of the virus particles through the sucrose gradient. The observation that only a small percentage of radioactivity was found in the top fractions after rate zonal sedimentation of [l~C]-amino acid labelled virus ( Fig.  2aa and 2bb ) excludes the predominance of possibility (b). It is therefore believed that the considerable amount of radioactivity detected in top fractions after rate zonal sedimentation of [14C]-stearic acid labelled virus after treatment with Tween 8o-TNBP (Fig. 3 bb) reflects the release of at least some structural lipid components by Tween 8o-TNBP. However, more quantitative analytical work is necessary for a detailed statement. It was demonstrated that similarities exist between the action of Tween 8o-TNBP and saponin with regard to the release of [laC]-stearic acid label. Tween 8o-TNBP treatment causes some swelling of the virus particles, loss of infectivity, an increase of the RNA:protein ratio as seen and determined for the 217 S component. These changes can be accompanied by the liberation of the virus core which is apparently very fragile as mentioned above. Thereby spherical 153 S and 135 S structures, missing an intact core, and having a reduced [3H]-uridine: [l~C]-protein ratio are formed which possess similar diameters to the 217 S particles. It is assumed that some of these structures disintegrate into smaller envelope fragments, much of them with a s~0.~ of 49 S. The increased [3H]-uridine:[~4C]-protein ratio of the 217 S component suggests that Tween 8o-TNBP treatment causes some release of amino acids.
The results obtained in the ultracentrifuge with double labelled virus and the observations made with the electron microscope are supported by PAG analysis. A protein and a glycoprotein were present in the purified SFV preparation as described by others (Hay et al. I968; K~iari~iinen et al. I969; Kennedy & Burke, I972) . These two proteins were also present in the 217 S component whereas in the I53 S component only the glycoprotein was detected. These results and the haemagglutinating activity of the components make it unlikely that Tween 8o-TNBP treatment dissociates glycoproteins from the virus particles, especially since suggestions have been made that carbohydrate is required for haemagglutinating activity (Oram et aL I97i ; Kennedy & Burke, I972) . This is in contrast to rabies virus from which glycoprotein was dissociated by TNBP treatment (Neurath et al. ~ 972) .
The components obtained after Tween 8o-TNBP treatment of SFV possessed immunizing potency. The use of TNBP for the production of inactivated vaccines against alphaviruses was the subject of studies with SFV and Venezuelan equine encephalitis virus and will be described elsewhere (M. Mussgay & E. Weiland, in preparation; Mussgay et al. 1972) .
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